A 40% rumen fluid basal medium has been developed that without added substrate will support growth of about 10% or less of the total colony count obtained with 40% rumen fluid-glucose-cellobiose-starch-agar medium (RGCSA). The basal medium is prepared by anaerobic incubation of all ingredients in RGCSA medium except the carbohydrates, Na2CO3, and cysteine for 7 days at 38°C. After incubation, substrate(s), Na2CO3, and cysteine are added and the medium is tubed and sterilized as in normal medium preparation. When xylose was included with glucose, cellobiose, and starch as added carbohydrates in the incubated medium, colony counts were comparable to those obtained with RGCSA medium. The addition of specific carbohydrates or other substrates as energy sources to the basal medium suggested that the percentage of the bacterial population capable of utilizing these energy sources was influenced by the ration of the animal; however, considerable animal variation and day-to-day variation in a given animal was observed. Comparison of the population in animals fed either orchardgrass hay or 60% corn-40% orchardgrass (60-40) indicated little or no difference for the percentage of bacteria utilizing glucose, pectin, xylan, or mannitol. Increases in the percentages of xylose-, cellobiose-, glycerol-, and lactate-utilizing bacteria occurred with the orchardgrass hay ration, whereas the percentage of starch-digesting bacteria was increased significantly (P < 0.01) in the animals fed the 60-40 ration. A limited number of bacterial strains were isolated from the basal medium without added substrate, most of which were atypical with respect to the predominant rumen bacteria. Growth of these strains, even in complex media, was very slow and limited. Based on these data with isolated strains and colony counts obtained in roll tube medium containing only minerals, resazurin, agar, Na2CO3, and cysteine, the selective medium overestimated the percentage of bacteria able to use a specific energy source. This overestimate was 6 to 7% of the total culturable count.
rounded by a clear zone in the cellulose agar medium are counted. In contrast, when soluble substrates are used, either all colonies must be counted or an arbitrary limit must be set on size of colony to be counted, assuming that only the larger colonies are growing on the added substrate. Considerable doubt exists as to whether the organisms are growing on the specific added energy source or on a component of the complex medium that is needed to meet the nutritional requirements of many species of rumen bacteria, and whether colony size is related to utilization of the added substrate. Bryant et al. (2) found that both of the above factors interfered in the estimation of lactate-fermenting species of rumen bacteria in teria utilizing cellulose, starch, glucose, cellobiose, and lactate. However, they did not determine a simultaneous total viable count or report colony counts on their 30% rumen fluid basal medium without added substrates. Except for cellulose medium, incubation times used by these authors were extremely short: starch medium, 16 h; glucose and xylose media, 20 h; lactate medium, 96 h. With the lactate medium, they found that only 57% of the colonies counted were capable of utilizing lactate. Without a value for culturable bacterial numbers per gram of rumen contents, which can vary markedly with type and amount of ration, the percentage of bacteria utilizing specific substrates cannot be calculated, and shifts in the population would probably not be as evident solely on the basis of numbers obtained on the different selective media.
Selective-medium colony counts, using either xylan, pectin, or starch as the only substrate added to a 40% rumen fluid basal medium, were made by Grubb and Dehority (6) . Counts were expressed as a percentage of the colony count obtained with a nonselective medium and for five replicate samples from the same sheep on the same ration; values for the xylan medium ranged from 70 to 113%; for pectin, 70 to 106%; and for starch, 71 to 136%. In a later study (7) it was found that 77.5% ofthe culturable rumen bacteria grew in the 40% rumen fluid basal medium without added substrate.
The present study was undertaken to develop a selective medium that could be used to estimate the percentage of the culturable rumen population capable of fermenting specific substrates. The basal medium, without an added energy source, should support little or no colony growth and, with the addition of the normal carbohydrate substrates (glucose, cellobiose, and starch), colony numbers should be comparable to those obtained in 40% rumen fluidglucose-cellobiose-starch-agar (RGCSA) roll tubes.
MATERIALS AND METHODS
Three cross-bred wether sheep, weighing approximately 45 kg, were fed 800 g ofchopped orchardgrass hay or 60% cracked corn and 40% chopped orchardgrass hay (60-40) daily. Both rations were supplemented daily with 20 g of a mineral-vitamin mix and 4.4 g of feed-grade urea. The animals were fed once daily at 9:00 a.m. and had free access to water. All sheep were surgically prepared with rumen fistulae, and composite samples of contents were collected from various locations within the rumen just before the daily feeding.
The anaerobic culture techniques, preparation of (RGCSA) roll tube medium and other media, and procedures for roll tubes were as previously described (7). Colonies were counted by using a binocular dissecting microscope after Methods used to study the bacterial strains isolated from the basal medium without substrate have been reported previously (4) .
Statistical comparisons of the data were made with standard paired and nonpaired t tests. c-e Means in the same column followed by different superscripts are significantly different at P < 0.01. bated 40% rumen fluid medium with and without added carbohydrates ( Table 2) . Incubation of RA medium (IRA) for 10 days reduced colony counts from 79.3% of the total count with RGCSA medium to 7.7%, similar to the results shown in Table 1 . When glucose, cellobiose, and starch were added to the IRA medium (IRA + GCS), colony counts were increased to 87.4% ofthe RGCSA count. Although colony counts in IRA + GCS medium were significantly lower than in RGCSA medium, the above data suggested that the incubation procedure had considerably more potential for the development of a selective medium than any previously used media.
RESULTS
A study was conducted to determine what effect the length of the incubation period of IRA might have on colony counts in media without added carbohydrates. The results of the first experiment (Table 3) indicated that a marked decrease occurred in colony count during the first 3 days of incubation. This was followed by lobiose, or starch. These possibilities were tested experimentally (Table 4) . Either 5% rumen fluid, 0.017% yeast extract, or 0.02% xylose increased the counts in IRA + GCS to equal those in RGCSA medium. Addition of a volatile fatty acid mixture was without effect. On the basis of the xylose response, it appeared that the second hypothesis was involved; i.e., an energy source normally present in rumen fluid had been depleted and could not be replaced by glucose, cellobiose, or starch. Additional experiments were conducted to substantiate these results and evaluate the effect of adding xylose to regular RGCSA medium ( Table 5 ). In general, addition of xylose to RGCSA medium was without significant effect, whereas the same response noted earlier was observed with IRA. Therefore, it was concluded that IRA contained all of the nutritional factors essential for the growth ofthe same spectrum of rumen bacterial species that are normally cultured in RGCSA medium. The possibility also exists that some bacteria were able to grow in RGCSA and not IRA, whereas other bacteria grew in IRA and not in RGCSA. Therefore, viable counts on the two media could be similar while the flora was different.
To evaluate the ability of the selective medium to measure differences in bacterial proportions between animals and rations, studies were conducted in which each of the carbohydrates used in the medium for total colony counts was individually added to the basal incubated medium. These data are shown in Ta- Table 7 . Total count and the percentage of starch-digesting bacteria were significantly higher in the sheep fed the 60-40 ration (P < 0.01). The mean percentages for xylan-and pectin-utilizing bacteria were not different; however, daily variations tended to be greater for these two carbohydrates. In the concentrate-fed sheep, the percentage of starchutilizing bacteria was significantly higher (P < 0.05) than percentages for xylan and pectin utilizers. No difference between these three groups was observed in the orchardgrass-fed animal. The data on the percentage of starch digesters and the data in Table 6 for these same two animals are similar, i.e., 83.3 and 95.8 for sheep 2 and 62.7 and 60.6 for sheep 1. Table 6 .
eJf Means in the same column followed by different superscripts are significantly different at P < 0.01. population that could utilize lactate, glycerol, and mannitol in these same two sheep. Within each animal or ration, no significant differences were found in the percentages utilizing the three substrates, although the percentage of bacteria utilizing lactate and glycerol tended to be higher in the sheep fed the orchardgrass ration. Data were compiled from all of the studies in which both total colony counts and colony counts on IRA medium had been determined. On the basis of 36 replicate experiments, each with two inoculum levels and four roll tubes per level, the basal incubated medium supported the growth of 9.6 + 0.6% of the total culturable bacteria, with a range of 3.5 to 16.2%. Total colony counts varied from 24.6 to 259.5 per 10-8 g ofrumen contents. A significant correlation, r = 0.6 (P < 0.01), was found between total and IRA colony counts. This was expected, since the percentage of colonies in IRA medium was fairly constant over the 10-fold increase in total count.
A question of major interest with respect to those colonies that developed in the IRA roll tubes was whether these same bacterial species would be present in all selective medium roll tubes. If so, the determined percentage of total rumen bacteria utilizing any specific substrate would be higher than the absolute percentage by that amount. To investigate this question, we tried to isolate bacteria from roll tubes of IRA medium. Although efforts were hampered by the extremely small size of the colonies, 10 cultures were eventually obtained. Table 9 .
Strain 4 was presumptively identified as belonging to the genus Butyrivibrio; however, the characteristics of the six additional strains were quite atypical with respect to predominant rumen bacterial species. Strains 1, 3, and 6 showed limited growth only in the complete medium with 10% rumen fluid and glucose substrate; strain 7 was extremely limited in ability to grow in any of the broth media; and strains 9 and 14, which were quite similar, appeared to grow best in the medium without carbohydrate. However, this latter observation was confounded by the production of a black precipitate in these cultures, presumed to be ferrous sulfide.
A second approach to the question posed earlier, concerning the colonies growing in IRA roll tubes, was to determine colony count in a medium containing only minerals, resazurin, Na2CO3, cysteine, and agar. Four replicate experiments, each with two inoculum levels and four roll tubes per level, were conducted. All colonies that developed were extremely small; however, colony counts ranged from 4.4 to 11.1% of the total count, with a mean of 6.8 + 0.7%. It is assumed that these organisms are capable of utilizing cysteine as an energy source.
Based on the characteristics of the bacterial strains isolated from IRA medium, it appears that most of these organisms would be present in all of the selective media. Although numbers were extremely low, 6 of 10 (60%) of the strains were atypical with respect to the predominant rumen bacteria, and their growth was quite slow and limited in all media. Since the mean percentage of colonies in IRA medium was 9.6% of the total count, 60% of this value, or 5.8% of the total count, might therefore be expected to grow in all the selective media. This value compares quite closely with the 6.8% of the total count that grew in a medium containing only minerals, resazurin, Na2CO3, and cysteine. If one wishes to determine the absolute percentage of the rumen population utilizing'a specific substrate, the above data suggest that the values obtained on the present selective medium are probably about 6 to 7% high. Use of the percentages directly obtained in selective media should all be relative and quite applicable to estimating differences between animals, days, and rations.
The only valid comparisons of other work with the present data would appear to be those (,um on the alfalfa or alfalfa-concentrate ration, and highest (56%) on the concentrate ration. The percentage of isolates hydrolyzing starch from a second cow fed the same alfalfa ration was considerably higher, 49.7 versus 33.1%. This confirms our observations on animal differences. All of their percentages for starch digesters were considerably lower than those found in the present study. In contrast, their percentages and ration differences were quite similar to our values for glucose-, cellobiose-, and xylose-utilizing bacteria. Slyter and Putman (12) reported that 52 to 79% (mean, 65.5%) of the bacterial strains isolated on four different days from a steer fed low levels of pelleted roughage could utilize starch. This compares with our range of 51.1 to 77.6% and mean of 61.5% for seven replicates from a sheep fed a low level of orchardgrass hay (Tables 6 and 7). Using 6% as a blank medium correction, as discussed earlier, our value decreases to 55.5%. It is difficult to draw precise conclusions from these two studies because of animal and ration differences; however, the percentages of starch utilizers are in similar ranges.
In a later study, Slyter et al. (11) reported that 88.8 and 94.6% of the strains isolated from two steers fed unlimited amounts of a 90% corn ration could hydrolyze starch. By using a 90% wheat ration, values of 86.5 and 81.6% were found in two additional steers. These data give a mean of 87.9% for the four steers fed the 90% concentrate rations. This compares quite well with our mean of 87.0% for starch utilizers (Tables 6 and 7) in rumen contents from two sheep fed the 60% corn ration. Again correcting for the blank medium (minus 6%), our value decreases to 81 %, which seems quite reasonable when comparing a 60% corn ration fed at a limited level to a 90% concentrate ration fed ad libitum.
No particular explanation can be offered for the necessity of also adding xylose as a substrate in incubated medium to obtain counts similar to those in RGCSA medium. Obviously certain strains might be present that can only utilize pentoses, which are removed during incubation; however, it appears just as plausible that another substrate is removed and that those strains can also utilize xylose but not the other hexoses. Further experiments with other carbohydrates, alcohols, or acids in place of xylose might help explain this observation.
The data presented indicate that a 7-day preincubation of 40% RA medium reduces the concentration of endogenous energy sources to a level suitable for use in a selective medium, without removing required nutritional factors. With this medium, considerable variation between days and animals was observed in the percentages of the total rumen population utilizing specific substrates, which in turn decreases the probability of detecting ration differences. Comprehensive studies on these sources of variation, possibly including time samples from the same animal within a day, are needed to determine whether such rapid shifts in bacterial proportions do occur in the rumen population.
